Post Hartree-Fock studies of the canonical Watson-Crick DNA base pairs: molecular structure and the nature of stability.
Gas-phase gradient optimization was carried out on the canonical Watson-Crick DNA base pairs using the second-order Møller-Plesset perturbation method at the 6-31G(d) and 6-31G(d,p) basis sets. It is detected that full geometry optimization at the MP2 level leads to an intrinsically nonplanar propeller-twisted and buckled geometry of G-C and A-T base pairs; while HF and DFT methods predict perfect planar or almost planar geometry of the base pairs. Supposedly the nonplanarity of the pairs is caused by pyramidalization of the amino nitrogen atoms, which is underestimated by the HF and DFT methods. This justifies the importance of geometry optimization at the MP2 level for obtaining reliable prediction of the charge distribution, molecular dipole moments and geometrical structure of the base pairs. The Morokuma-Kitaura and the Reduced Variational Space methods of the decomposition for molecular HF interaction energies were used for investigation of the hydrogen bonding in the Watson-Crick base pairs. It is shown that the HF stability of the hydrogen-bonded DNA base pairs originates mainly from electrostatic interactions. At the same time, the calculated magnitude of the second order intramolecular correlation correction to the Coulomb energy showed that electron correlation reduces the contribution of the electrostatic term to the attractive interaction for the A-T and G-C base pairs. Polarization, charge transfer and dispersion interactions also make considerable contribution to the attraction energy of bases.